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Abstract 
All pesticide applications in the period from 1996 to 1998 were 
surveyed in 24 tillage farms (farm sizes ranging between 40 and 
470 ha) in West Germany and evaluated with regard to the expo-
sure of individual operator. The data base comprises 2, 192 pesti-
cide applications pe1formed over the 3 years by 34 operators. Ad-
ditionally, the technical agricultural equipment was surveyed. 
Areas treated per day by an individual operator increase from an 
average of 20 ha/day for smaller farms to an average of 40 ha/day 
for larger operations. On average, applications took place on 
10 to 15 days per annum. In over 99 % of the cases surveyed, one 
individual active substance was applied on maximally 5 days/ 
year. Tractors with a driver's cabin were used on 22 out of 24 
farms. The potential impact of the outcome to the assessment of 
operator exposure in the official registration procedure for crop 
protection products in the EU is discussed. 
Key words: Operator exposure, pesticide application, technical 
equipment 
Zusammenfassung 
In 24 Ackerbaubetrieben (BetriebsgroBe zwischen 40 und 470 
ha) wurden samtliche Pflanzenschutzmittelanwendungen der 
Jahre 1996 bis 1998 erhoben und im Hinblick auf die Exposition 
des einzelnen Anwenders ausgewertet. Die Datenbasis umfasst 
2192 Pflanzenschutzmittel-Anwendungen, die in den drei Jahren 
von 34 Anwendern durchgefi.ihrt wurden. Zusatzlich wurde die 
technische Ausri.istung der Betriebe ermittelt. Die je Tag von ei-
nem Anwender behandelte Flache steigt von durchschnittlich 20 
ha/rag bei den kleineren Betrieben auf durchschnittlich 40 
ha/Tag bei den GroBbetrieben. Behandlungen werden an durch-
schnittlich 10 bis 15 Tagen pro Jahr durchgefi.ihrt. In i.iber 99 % 
der Falle wurde ein Einzelwirkstoff an maximal fi.inf Tagen pro 
Jahr ausgebracht. Auf 22 der 24 Betriebe werden Schlepper mit 
Kabine eingesetzt. Die Bedeutung der Ergebnisse fi.ir die Be-
trachtung der Anwenderexposition im amtlichen Zulassungsver-
fahren fi.ir Pflanzenschutzmittel in der EU wird diskutiert. 
Stichworter: Anwenderexposition, Pflanzenschutzmittelappl i-
kation, technische Ausri.istung 
1 Introduction 
Plant protection products are important inputs in Integrated Crop 
Management. Before they are authorised for use, extensive in-
vestigations are carried out to determine their potential impact on 
human beings and the environment. The results of these are used 
to specify the conditions of use which, if properly observed, will 
ensure that the products can be applied without adverse effects 
on human beings or the environment. 
Users come in contact with plant protection products when 
mixing/loading and application of the spray liquid including 
cleaning the equipment. To establish the specific user protection 
requirements for a plant protection product, account must be 
taken not only of the toxicological properties of the product and 
its active substances but also of the nature and extent of possible 
exposure. 
The first step in identifying and evaluating the risks involved 
by the handling of a plant protection product is to determine user 
exposure with the aid of deterministic models. If these do not 
supply a sufficient basis for a satisfactory evaluation, it will be 
necessary to model the application scenario in greater detail. Sta-
tistical data of the kind provided e.g. by the German Federal Sta-
tistical Agency are usually inadequate for this purpose, since they 
are obtained for farms and other agricultural units and are not 
concerned directly with individual users. 
The aim of this investigation, therefore, was to generate user-
related data giving a more detailed picture of the real conditions 
under which plant protection products are applied and at the same 
time offe1ing practical approaches for adjusting existing risk as-
sessments to actual application practice. This publication is the 
summarised version of an investigation conducted on behalf of 
the Industrieverband Agrar by the BIU.-f. (Consulting Agency 
for Farm Management), Windesheim (JANINHOFF et al., 1999). 
2 Materials and Methods 
To ensure a representative group of persons, plant protection op-
erators were selected from 24 farms participating in a private 
consultative project in the regions of Rhineland-Palatinate and 
Hessen. The farms were divided by size into three classes - up to 
l 00 ha, 100-200 ha, and over 200 ha. Each class comprised 8 
farms. The acreage of these farms is quite normal for German 
conditions, since 95 % of German farms cultivate areas of up to 
100 ha (ANON. , 1998b). The crops on these farms are mainly ce-
reals, sugar beets and oilseed rape, which in terms of plant pro-
tection measures can be described as ,,intensive treatment" crops. 
The investigation was carried out retrospectively for the 1996, 
1997 and 1998 seasons. The data were compiled on the basis of 
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Tab. 1. Extent of plant protection activities 
Size of farm Season Work rate Working hours 
(ha) (ha/day) (h/day) (days/year) 
< 100 1996 19.9 4.7 12.0 
1997 19.6 4.8 10.6 
1998 19.2 5.0 9.9 
Average 19.5 4.8 10.8 
100-200 1996 23.8 5.3 16.9 
1997 24.7 5.0 12.6 
1998 24.4 4.9 17.3 
Average 24.3 5.1 15.6 
> 200 1996 42.3 6.7 11.8 
1997 40.6 6.4 12.7 
1998 44.1 7.3 10.5 
Average 42.3 6.8 11.7 
a questionnaire in a personal interview with each of the farmer-
managers, with the aid of the available field files. The data were 
processed in such a way as to permit an evaluation for each user 
and each active substance. In this way it was possible to establish 
the working conditions for a typical farm user of plant protection 
products. 
3 Results 
The areas cultivated on the studied farms were between 40 and 
470 ha. Data were collected over a 3-year period for 2,192 plant 
protection treatments by 34 operators on 24 farms. Since some of 
the plant protection products contained more than one active sub-
stance, a total of 2, 711 active substance applications were taken 
into account. 
3. 1 Work rate and working hours 
The evaluation showed a size-related increase in the daily work 
rate per operator from approx. 20 ha/day on smaller and medium-
sized farms to about 40 ha/day on larger farms. Over the pe1iod 
of the survey, the work rate remained relatively constant within 
each of the size classes. 
The number of daily working hours with plant protection prod-
ucts rose from 4.8 h/day on the smaller farms to 6.8 h/day on the 
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Tab. 2. Percentage of applications on successive days (for a 
single a.s.) 
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2 
3 
4 
5 
>5 
% of all applications 
18 
3 
4 
2 
0 
larger ones; however, the frequency of plant protection treat-
ments (days per year) was unrelated to farm size. The data show 
that plant protection operators came into contact with the prod-
ucts on average between 10 and 15 days per year (Tab. 1). The 
highest value measured in one case was 27 days per year. 
3.2 Application frequencies and intervals for various 
active substances 
Table 1 covers work with all plant protection products. However, 
the frequency of contact for any one operator is very much lower 
when considered in relation to individual active substances, as 
can be seen from Figure 1. 
Taken overall, the enquiry data show that in 830 cases a given 
active substance was applied on only one day per year (Fig. 1). 
In over 99 % of all cases, a given active substance was applied on 
five days per year at most. Only in a minority (less than 1 % ) of 
all cases did applications take place on more than 5 days per year, 
due to repeated treatments of very large fields (e.g. 2 x 5 days per 
year). 
In terms of a percentage distribution about 31 % of all active 
substance handlings occur on a single day per year. In about 69 % 
of all cases active substance handling implies repeated contact 
(two or more days per year) with ea. 27 % of all cases on succes-
sive days and ea. 42 % with spray intervals i.e. with a break of 
handling for at least one day following the day of handling 
(Fig. 2). 
Repeated treatments are cmTied out either on successive days 
(Tab. 2) or with spraying intervals (Fig. 3). As a rule, repeated ap-
plications are carried out on successive days in cases where the 
field is too large to be completely treated on a single day. It was 
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Contact frequency per yea (number of working days per cx:!ive substaice aid operator 
Fig. 1. How often (how many 
days per year) is an active sub-
stance used by one single opera-
tor? 
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Fig. 2. How often (percentage of 
handling) is an active substance 
used on a farm by a single opera-
tor? 
single contact 
31% 
found that a maximum of 5 applications are carried out in suc-
cession. l 8 % of all applications were completed after 2 succes-
sive days. 
Repeated applications carried out not on successive days but 
at intervals account for 27 % of all applications. In these cases the 
intervals between working days were recorded (Fig. 2). The in-
tervals between treatments varied mostly from 8 to 21 days. 
3.3 Seasonal distribution 
The seasonal dist1ibution of plant protection measures is shown 
in Figure 4. It is clearly evident that applications are not spread 
out evenly throughout the year but are mainly concentrated on 
the months from March to June. Fewer plant protection treat-
ments are performed in the other months. 
3.4 Technical equipment on farms 
On 22 of the 24 farms, cabin tractors were used for plant protec-
tion operations, and 19 of these were additionally fitted with air 
Fig. 3. Distribution of spraying in-
tervals (for a single active sub-
stance). 
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filters. The two tractors without cabin were used on farms with 
less than 100 ha. There were no appreciable differences in the 
width of the booms used for plant protection operations (on av-
erage between 16 and 19 m). There were, however, considerable 
differences in the sizes of the spray tanks. The spraying equip-
ment on farms with Jess than 100 ha had tanks with an average 
spray liquid volume of about 1400 litres, whilst average tank 
sizes of about 2100 were found on farms with over 200 ha. 
4 Discussion 
The results of this investigation give an overall view of the ap-
plication of plant protection products on representative farms in 
West Germany. Production intensity on these farms is above the 
average for the country as a whole. The investigation recorded 
the duration, frequency and seasonal distribution of plant protec-
tion operations in the 1996 to 1998 seasons on 24 farms in Hes-
sen and Rhineland-Palatinate producing market crops. 
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The study provides evidence that the number of days on which 
individual operators handle plant protection products is limited, 
amounting to an average of approximately 10 to 15 days (with a 
maximum of 27 days). 
The average daily work period for the handling of plant pro-
tection products also lies within a relatively narrow range of 4.8 
to 6.8 hours. 
On farms of up to 200 ha, the average work rate was around 
20 ha/day. On farms of over 200 ha, the daily work rates were 
about 40 ha. The higher work rate obtained on these farms was 
due to the machinery used (e.g. higher spray tank capacity) and 
to longer working hours. 
Of the approximately 470,000 farms in Germany in 1998, 
96% were smaller than 100 ha (ANON., 1998b). Operators on 
these farms can be expected to achieve a work rate of about 
20 ha/day. This coffesponds to the daily work rate assumed in the 
German operator protection concept (LUNDEHN et al. 1992) for 
field crops, thus confirming that the value currently used in the 
German model is acceptable for the great majority of operators. 
On farms of> 200 ha, the work rate was noticeably exceeded 
(about 40 ha/day), though a risk assessment based on the German 
model would have to allow for other parameters, e.g. closed cab-
ins, which are not provided for in the German model. For this 
purpose reduction factors of 0.22-0.36 are given in the North 
American PHED model (ANON., l 998a). It may thus be assumed 
that operator exposure even on larger farms is not underestimated 
by the BBA model. 
Further investigations are being conducted to analyse the situ-
ation on large farms with field areas of over 1 OOO ha and more, 
and also with regard to private contractor firms applying plant 
protection products over several tens of thousands of hectares per 
year (BBA, publication in preparation). These investigations fo-
cus on the situation of plant protection operations in field crops. 
Studies of this kind for are not yet available for high crops in Ger-
many. These form part of another ongoing project concerned 
with gathering EU-wide application data (project sponsored by 
the European Crop Protection Association (ECPA): Survey on 
work rates and frequency of handling active substances for ma-
jor crop types [field crops, grapes, orchard crops] in representa-
tive countries of Northern and Southern Europe). 
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Fig. 4. Distribution of plant pro-
tection applications over the 
course of the year. 
As far as single active substances are concerned, operator ex-
posure is confined to a very few days per year. In 55 % of all in-
vestigated cases, the operator comes in contact with an active 
substance only once a year. Repeated application on successive 
days take place mostly on 2 days. Where spraying intervals are 
included, applications are usually repeated after 8 to 21 days. Al-
though the maximum contact frequency was 11 contacts per year, 
cases with between 6 and 11 contacts per year accounted for less 
than 1 % of the total. 
The results obtained here should not be left out of account for 
the overall risk assessment. 
The data compiled here can also be of use for more recent ap-
proaches to risk assessment, such as "probabilistic modelling", 
which requires a large body of individual data. Among experts, 
"probabilistic modelling" is now commonly considered as a 
promising addition to the currently used deterministic approach 
to operator risk assessment. 
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